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Abstract. The toasting process changes the extractable substances in the oak wood of barrels 
used for wine aging. The GC/MS analysis led to the detection of 13 volatile compounds. The major 
wood volatile compounds detected in wood samples were furanic aldehydes, furfural and 5-
methylfurfural, the two isomers of β-methyl-γ-octalactone, cis and trans (commonly known as oak 
lactones or whiskey lactones), vanillin and syringaldehyde. The percentage areas of oak volatile 
compounds detected were different depending on contact time and type of toast. 
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INTRODUCTION 
 
In wine technology, wood is used for transportation containers and for aging wine. 
Oak wood (Quercus genus) proved to be the best for barrels cooperage and, therefore, the 
most suitable for wine aging. The main oak species used in cooperage are: Quercus alba L. 
(American oak) which grows in different areas of the United States, Quercus petraea Liebl. 
(sessili oak), Quercus robur L. (pedunculate oak) and Quercus pyrenaica Willd. (Spanish 
oak), which grow in west of Europe. Oaks from Hungary, Russia and Romania are becoming 
more and more attractive. Wood is composed of cellulose, lignin, ash-forming minerals, and 
extractives, formed into a cellular structure (Le Floch A. et al., 2015). Extractives from wood 
comprise several substances that belong to a wide range of chemical families. Besides 
botanical species, geographical origin also contributes to the final chemical composition of 
the extractives. Seasoning and toasting of barrel staves during cooperage give the final 
characteristics (Chatonnet P., D. Dubourdieu, 1998; Cadahía Estrella et al., 2001; Doussot 
F. et al., 2002; Pérez-Prieto L.J. et al., 2002; Cadahía Estrella et al., 2003). Oak is a pure 
wood, it does not contain resin canals that can transfer strong flavors to maturing beverages 
(Collins T.S. et al., 2015). In barrel cooperage, wood seasoning is performed under natural 
conditions in open air for 18 to 36 months and artificial seasoning. In the barrel making 
process, the heat treatment (toasting) is performed by the French technique using fire 
(Chatonnet P. et al., 1989). The toasting process is a common treatment applied to oak 
barrels to improve their aromatic potential. Toasting has a major influence on the quantity 
and the quality of the extractable substances in wines (Cutzach Isabelle et al., 1997; 
Chatonnet P. et al., 1999). The thermo degradation process during toasting leads to the 
formation of several compounds that can be transferred to wine during aging. The intensity 
and length of the applied heat affects the production of compounds during macromolecule 
degradation and define the toasting levels. Designations like untoasted, light, medium, and 
heavy toast are common, but there is no industry standard for toast level. According to Vivas 
N. et al., 1991, the quality and quantity of each volatile compound are strongly related to the 
toasting intensity, but particular characteristics of each species can also determine the change 
rate during toasting process. 
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Cerdán T.G. et al., 2004, state that the main volatile compounds susceptible to 
migrate from oak wood to wine are the cis and trans isomers of β-methyl-γ-octalactone, 
furfural, vanillin, and syringaldehyde. 
Until now, there is few data about the volatile composition of oak species grown in 
Romania and used for cooperage (Martínez-Gil Ana et al., 2017). On this regard, this may 
be consider the first study on volatile composition on Querqus robur L., grown in Romania 
(Arad County) with different treatments of toasting (untoasted, light toast, medium toast, 
and heavy toast).  
 
MATERIAL AND METHOD 
 
The staves were samples (100 x 11 x 0.12 cm) from Quercus robur L. from a forest 
in west Romania (Arad County). After 24 months of natural seasoning in the Tonnellerie 
Transilvania Bois seasoning park (located in Sighetu Marmației, Maramureș County, 
Romania), they were submitted to different toasting processes according to the desired final 
product, using a revolving drum and oak fire (Table 1). 
Sample preparation 
5g of oak sawdust and 20 mL of dichloromethane were placed in Erlenmeyer flasks 
equipped with ground stopper. The extraction was carried out under continuous stirring in 
an ice bath for 30 minute. After separation, the organic layer was evaporated under nitrogen 
stream to approximately 200 µL volume of the extract. 1µL of this solution was injected to 
the GC-MS system. All extractions were carried out in triplicate. 
GC-MS analysis 
Analysis of aroma compounds from oak sawdust was carried out using a Shimadzu 
QP 2010 PLUS Mass Spectrometer coupled with Gas Chromatograph (Shimadzu) equipped 
with a Carbowax type column from Agilent, with a dimension of 30 m x 0.32 mm ID and 
0.50 µm film thicknesses. The carrier gas was He (6.0) with a flow rate of 1.7 mL/min. The 
working parameters were: injector temperature 250°C, the ion source temperature 220°C, 
and the interface temperature 250°C. The column temperature program was conducted as 
follows: 40°C was the initial temperature for 5 min., increasing at a rate of 4°C/min. to 
220°C, and holding 220°C for 15 min. The electron impact (EI) was set at 70eV. A mass 
range of 35–500 m/z was recorded at one scan per second. 
Table 1  
Toasting characteristics 
Oak toast Toasting Temperature (oC) Toasting Time (hours) 
LT (light toast) 180-190 2 
MT (medium toast) 190-200 3 
HT (heavy toast) 210-220 4 
 
RESULTS AND DISSCUSION 
 
The GC/MS analysis led to the detection of 13 volatile compounds. The most 
abundant compound was furfural. The major wood volatile compounds detected in wood 
samples were furanic aldehydes, furfural, and 5-methylfurfural, the two isomers of β-methyl-
γ-octalactone, cis and trans (commonly known as oak lactones or whiskey lactones), 
vanillin, and syringaldehyde. The percentage areas of oak volatile compounds detected were 
different depending on contact time and type of toast (Table 2). 
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Polysaccharide-derived compounds, such as 5-methylfurfural and 5-
hydroxymethylfurfural / maltol result from caramelized cellulose and hemicellulose wood 
composition, especially from hexose sugars, found in the more crystalline cellulose 
(Caldeira I. et al., 2006). Hexose sugars provide resistance to acid hydrolysis at relatively 
low temperatures (150–240°C) used during oak toasting, hence these compounds are 
expected at much lower intensities in toasted oak compared to furfural concentrations 
(Herrero Paula et al., 2016; Jin W. et al., 2013). 
Both compounds were detected in untoasted wood, but the percentage area is much 
higher in toasted wood. Increasing the time and temperature of toasted wood, decreases the 
percentage area of furfural and 5-methylfurfural detected in samples (Table 2). Those 
compounds possess a light caramel, sweet, butterscotch and faint almond like aromas 
(Cutzach Isabelle et al., 1997). 
 
Table 2 
Volatile compositions (% area) detected in Quercus robur L. wood (Romanian oak) 
 in different toasting levels 
Sample 
Compound   name 
Retention 
time (min) 
Flavor / Odor 
descriptor * 
Untoasted 
wood 
Light 
toast 
Medium 
toast 
Heavy 
toast 
Area % 
2-propanone 17.3 
sweet/ 
caramellic 
- 0.19 0.32 0.22 
furfural 22.9 
fruity/ sweet 
almond 
15.12 74.40 74.85 68.67 
acetyl furan 24.2 nutty/ balsamic - 0.48 0.27 0.24 
5-methylfurfural 26.3 
brown/ 
caramellic 
4.05 11.75 6.38 5.77 
2(5H)furanone 31.6 -/ buttery - 0.52 0.29 0.34 
cis-β-methyl-γ-
octalactone 
35.2 
creamy soft/ 
fresh wood 
2.92 0.22 0.11 0.26 
trans-β-methyl-γ-
octalactone 
37.01 
herbal/coconut 
like 
21.44 1.53 0.74 1.70 
methyl-2-furoate 38.2 
caramellic/ 
fungal 
- 0.28 0.16 0.15 
2-hydroxy 
butyrolactone 
42.1 creamy/ milky - 0.28 0.33 0.83 
(5-formylfuran-2-
yl) methyl acetate 
42.7 -/ baked bread - 0.30 0.19 0.35 
5-hydroxy-
methylfurfural 
50.7 
herbal, hay, 
tobacco/ fatty, 
buttery 
20.71 0.30 5.45 6.28 
isovanilin 52.9 
vanilla/ sweet 
vanila 
20.38 5.38 1.04 2.25 
syringic aldehyde 54.1 
spicy, smoky/  
wood 
- - - 3.46 
 
The furfural percentage area was clearly the most intense signal observed in 
volatiles, which indicates that furfural is generated and volatilized in high quantities during 
the toasting process; those results are in accordance with those revealed by Farrell R.R. et 
al., 2015. Rodríguez-Rodríguez P. and Encarna Gómez-Plaza, 2012, concluded that during 
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ageing furfural and 5-methylfurfural were extracted rapidly by wine, reaching a maximum 
level at the beginning of ageing and a decrease of concentrations of those compounds may 
be observed in wines after that. 
The most important volatile compounds with a high sensory impact on oak-aged 
wines are the oak lactones (Polášková P. et al., 2008). The main aroma constituents of raw 
oak are the cis and trans isomers of oak lactone (cis-β-methyl-γ-octalactone and trans-β-
methyl-γ-octalactone). As it results from table 2, in untoasted wood, percentage area was 
higher for untoasted samples, while, as the heat treatment increases, the percentage area of 
those compounds decreases. An excessive amount of cis-β-methyl-γ-octalactone and trans-
β-methyl-γ-octalactone molecules in oak barrels stave could be detrimental to the aromatic 
quality of wine; therefore the loss of oak lactones during toasting is beneficial (Masson E. et 
al., 2000). 
Our results are similar with those reported by Duval C.J. et al., 2013, and Farrell 
R.R. et al., 2015. Toasting treatments had different effects on lactones level, such as: no 
effect, decreasing at high temperature, increasing then decreasing, or decreasing then 
increasing. Chatonnet P., 1991, states that the smelling potential of the toasted wood is 
influenced by the cis/trans isomer of β-methyl-γ-octalactone ratio, because the cis isomer is 
2 to 12 times more odorous (notes of wood and coconut) than the trans isomer when 
evaluated in pure solution. Oak lactone associated sensory descriptors are fresh oak and 
coconut. The cis isomer is a more powerful aromatic than the trans isomer (Farrell R.R. et 
al., 2015). An increase in barrel toast may reduce the amounts and the sensory impact of oak 
lactones in wine. The cis and trans forms of β-methyl-y-octalactone have woody and coconut 
odours and, along with vanillin, are among the major aroma compounds of uncharred oak 
wood (Câmara J.S. et al., 2006). 
Vanilla and isovanillin are lipid-compounds, generated by lignin heat degradation, 
but they are also present in raw oak (Farrell R.R. et al, 2015). Lignin is considered to be the 
most thermally stable wood polymer, which degrades at 280o–500oC, but some degradation 
of lignin has been shown to occur at relatively low temperatures (e.g. 165oC, Jin W. et al., 
2013). Vanillin concentration is considered to reflect the intensity of the toasting process. 
Our results show a higher percentage area of isovanilin in untoasted wood, but in 
toasted samples the percentage area of this compound varies with the level of temperature 
(Table 2). Our findings are similar with other research, which concluded that isovanillin 
content in wood samples increases with medium toast levels, but it may decrease with very 
high toast (Zhang B. et al., 2015). Vanillin concentration in wines could be related to smoky, 
cinnamon, coffee or dark chocolate descriptors (Chira K., P.L. Teissedre, 2013a). Vanillin 
and whisky lactone are the volatile compounds that are implicated in the overall woody 
aroma, these compounds being influenced by toasting (Chira K., P.L. Teissedre, 2013b). 
The increase in toasting intensity enhanced the content of the aging markers in aged 
beverages such as vanillin and syringaldehyde (Bortoletto Aline Marques, A.R. Alcarde, 
2015). Chatonnet P., 1991, states that the smelling potential of the toasted wood is influenced 
by the cis/trans isomer of β-methyl-γ-octalactone ratio, because the cis isomer is 2 to 12 
times more odorous (notes of wood and coconut) than the trans isomer when evaluated in 
pure solution. Boidron J.N. and P. Chatonnet, 1988, suggest that, due to their threshold level, 
vanillin and the isomers of β-methyl-γ-octalactone have a major influence on wine aroma, 
while furfural and 5-methylfurfural have a minor impact. 
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CONCLUSIONS 
 
The level of the toasting process of barrels staves is determining of the wine quality. 
In this paper, we provide the first study on volatile composition of Romanian oak staves 
used in cooperage in different levels of toasting. The results are similar to other authors’ 
results. As it was expected, the percentage areas of oak volatile compounds detected were 
different, depending on contact time and type of toast. By increasing the time and 
temperature of toasted wood, the percentage area of furfural, 5-methylfurfural, cis-β-methyl-
γ-octalactone and trans-β-methyl-γ-octalactone detected in wood samples decreases, 
however the vanillin percentage area increases. During ageing in oak barrels, the 
composition of wines changes due to the extraction of detected volatiles from barrel into 
wine, thus improving wine quality. 
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